Alveolar macrophages (AM) play a critical role in the removal of inhaled particles or fibers from the lung. Species differences in AM size may affect the number and size range of particles/fibers that can be actually phagocytized and cleared by AM. The purpose of this study was to compare the cell size of rat, hamster, monkey, and human AM by selective flow cytometric analysis of cell volume. Resident AM from CD rats, Syrian golden hamsters, cynomolgus monkeys, and nonsmoking, healthy human volunteers were harvested by standard bronchoalveolar lavage procedures. Morphometric analysis of AM was performed using a flow cytometer that generates volume signals based on the Coulter-type measurement of electrical resistance. We found that hamster and rat AM had diameters of 13.6±0.4 pm (n=8) and 13.1 ±0.2 pm (n=12), respectively. Comparatively, the AM from monkeys (15.3 ± 0.5 pm, n = 7) and human volunteers (21.2 ± 0.3 pm, n = 10) were larger than those from rats and hamsters. The AM from humans were significantly larger (p <0.05) than those from all other species studied, corresponding to a 4-fold larger cell volume of human AM (4990 ± 174 pm3) compared to hamster (1328 ± 123 pm3) and rat (1166±42 pm3) AM. In summary, we have found marked species differences in the cell size of AM. We suggest that the number and size range of particles/fibers that can be phagocytized and cleared by AM may differ among species due to inherent or acquired species differences in AM cell size.
Introduction
Alveolar macrophages (AM) are fundamentally involved in mediating the removal of inhaled particles/fibers from the lung. The phagocytosis of fibers that deposit on the alveolar surface by resident AM is one of the major mechanisms by which alveolar epithelial and interstitial cells are protected against the action of fibers. The fiber length (1) . Relatively short fibers are suggested to be completely phagocytized by AM, whereas much longer fibers cannot be totally engulfed. Once relatively insoluble fibers have been phagocytized by AM, their removal is thought to be achieved mainly by the translocation of the fiber-containing phagocytes up the mucociliary apparatus (1). However, prolongation of particle clearance can occur through volumetric overload of AM that is, in turn, determined by the normal AM volume (2, 3) .
Obviously, AM-associated phenomena such as phagocytosis, AM-mediated clearance, and AM overload should be, at least in part, dependent on AM size. We speculate, therefore, that variations in cell size of resident AM among species may result in species differences in the number and size range of particles or fibers that actually can be phagocytized and cleared by AM. Significant differences in AM morphology and cell size among species have already been reported by Haley et al. (4) . As (5) . Animals were anesthetized by an ip injection of sodium pentobarbital (rat, 30 mg/kg bw; hamster, 24 mg/kg bw). After cannulation of the trachea, the thorax was opened and the lungs were mobilized. The lungs of hamsters were lavaged with ten 5-ml aliquots, and the lungs of rats with ten 10-ml aliquots of sterile, nonpyrogenic phosphate-buffered saline solution (PBS) (Serva, Heidelberg, Germany). Monkey AM were obtained by fiberoptic bronchoscopy and BAL as described previously (6,7). The animals were anesthetized with 15 mg/kg im ketamine hydrochloride ( All morphometric data were obtained using a FACS Analyzer flow cytometer (Becton Dickinson, Heidelberg, Germany) equipped with an argon laser and a nozzle orifice of 75 pm as described previously (9) . This flow cytometer generates volume signals based on Coulter-type measurement of electrical resistance (10) . These signals are directly proportional to the volume of a particle/cell and its electrical resistance, in contrast to the forward scatter signal of other flow cytometers that is proportional to the cross-sectional area of a particle/cell and to its refractive signal (11) and is considered an unreliable measure for changes in cell volume (12) . We calculated morphometric data, such as cell volume and diameter, from selectively gated cells in suspension.
A minimum of 104 events was collected with an acquisition rate of 150 events/sec for each sample. The AM population was The BAL differential cell counts are summarized in Table 1 . In all species studied, the cells recovered by BAL were greater than 90% AM. The low numbers of neutrophils (<4%), eosinophils (< 2%), and lymphocytes (< 5%) strongly indicate that AM were obtained from healthy, non inflamed lungs in each species studied. The relatively high number of mast cells detected in the BAL from cynomolgus monkeys appears to be a species-specific phenomenon, as reported previously (7, 14) . Table 2 summarizes the morphometric data obtained by selective Coulter-type flow cytometric analysis of unfixed cells in suspension. The cell sizes of hamster and rat AM were not statistically different from (4, 13) , rats (4, (15) (16) (17) (18) (19) (20) , guinea pigs (21), rabbits (22) , dogs (4, 23, 24) , pigs (25) , monkeys (4), and humans (4, 9, 26, 27) (23 pm) , and human AM (26 pm) are probably a result of the cell spreading and flattening that occur during cytocentrifugation (4).
Our data confirm previous studies on differences in AM size among species. Even though the AM from rats and hamsters were similar in size, the mean size of human AM was statistically greater than that for all other species studied, including nonhuman primates. Moreover, we assume that our quantitative data on AM size obtained by Coulter-type measurements of unfixed cells in suspension more accurately reflect the real dimensions of AM than morphometric analyses of cytospins that result in much larger diameters due to preparation artifacts. The size of AM appears to be one of the limiting factors of AM-associated events such as phagocytosis, AM volumetric overload, dissolution of particles/fibers within AM, and AM-mediated clearance. Therefore, we suggest that species differences exist in the size range of particles/fibers that can be phagocytized, dissolved, and cleared by AM, due to inherent or acquired species differences in AM size.
